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CHAPTER I 
INTRODUCTION 
Determination of reaction rates has been accomplished 
by various means which utilize either chemical or physical 
properties of the reaction components. The main function of 
both methods is to ascertain what portion of the reaction 
has taken place after a specified time. 
The use of a chemical property implies a direct 
determination of the concentration of the reagents or pro- 
ducts by standard quantitative methods--volumetric or gravi- 
metric analysis. Important restrictions of the two methods 
are the need to: (1) make standard solutions, (2) remove an 
aliquot of the reacting solution, (3) quench the reactions, 
and (4) derive conclusions on a few discontinuous readings. 
The more convenient is the physical method. F1-ost 
and pearson' describes a physical nethod as one in which some 
physical property of the reaction mixture, which changes as 
the reaction proceeds, is measured. It is necessary for the 
physical property to change linearly with the concentrations 
of the reactants and products. Comnon among physical methods 
are pressure measurements in gaseous reactions; dilatometry, 
l~rthur Frost and Ralph Pearson, Kinetics and 
Rechanlsm (New York: John Wiley and sons, 1962),227. 
2 
or measurement of volume change; optical methods such as 
polarimetry, refractometry, colorimetry, and spectrophoto- 
metry; and electrical methods such as polarography, potentio- 
metry , and conductivity. Many chemical reactions which pro- 
ceed with the formation or disappearance of ions, or changes 
in the nature of the ions, are feasible for conductometric 
studies. 2 
The reaction between 2,4-dinitrochlorobenzene and 
piperidine in 95 per cent ethanol proceeds with the forma- 
tion of 2,4-dinitrophenylpiperidine, piperidinium ions, and 
chloride ions. 
C6H3 (NO2 ) pC1 + 2CgHllN+ C6Hq(N02 ) 2C5~10hT + c5H12~+ + C1- 
All reaction kinetics of this reaction have been 
obtained by methods which necessitated the removal and quench- 
ing of aliquots of the reacting solution. It would be of 
interest and value to study the reaction kinetics of 2,4- 
dinitrochlorobenzene with piperidine by a method which would 
allow the progress of the reaction to be followed continuously 
and at the temperature at which the reaction was taking place. 
The problem, then, was to determine conductometrically 
the reaction velocity and the Arrhenius parameters for the 
reaction between 2,4-dlnitrochlorobenzene and piperidine in 
95 per cent ethanol for various concentrations and temperatures. 
'Duncan ~IacInnes, Principles of Electrochemistry 
(New York: Reinhold Publishing ~orporation, 1950), p. 378. 
CHAPTER I1 
REVIEW OF THE LITERATURE 
Electricity has been used to study chemical phenomena 
since Carlisle and Nicholson decomposed water by electroly- 
sis in 1800 The alternate decomposition and recombination 
of atoms, with the liberation of a gas at each electrode, 
occurred when a current was passed through an electrolyte. 
Baron C. J. von Grotthuss proposed the preceding explanation 
to account for electrical conductance of certain solutions. 2 
According to Grotthussltheory, the electrically charged 
particles only existed when a current was passed. In 1857, 
Rudolph Clausius theorized the existence of electrically 
charged particles (Ions) caused by energetic collisions of 
undisassociated molecules in electrolyte solutions. These 
particles were guided by an applied E.m.f. but were not the 
products of 1t.j From his studies of electrolytes, Clauslus 
found that an electrical current through an electrolyte was 
3~alter Moore, Chemistry (New York: Prentlce- 
Hall, B c - ,  19551, P* 
4 
2 governed by Ohm's ~ a w . '  G. Quincke v e r i f  i e d  Clausiust  
f i n d i n g s  and found no exceptions,  Svante Arrheniust  theory 
t h a t  salts i n  aqueous s o l u t i o n s  are l a r g e l y  d i sassoc ia ted  
i n t o  f r e e  ions  l e d  support  t o  Clausiust  theory.  3 
In 1876, Fredr ick  Kohlrausch per fec ted  a p r e c i s e  
technique,  as descr ibed i n  Des Leitvermogen d e r  E l e c t r o l y t e ,  
- -
f o r  determining a s o l u t i o n ' s  conductance. Using an alter- 
/ 
n a t i n g  c u r r e n t  with a Wheatstone br idge,  invented by Charles 
Wheatstone i n  1843 and modified by the  add i t ion  of a s l ide -  
wire  by ~ i r c h o f  f 4, Kohlrausch accura te ly  measured t h e  
r e s i s t a n c e  ( o r  conductance) of an e l e c t r o l y t e .  One am of 
t h e  br idge w a s  a c e l l  containing the  s o l u t i o n  of w h o m  
r e s i s t a n c e ,  another  arm w a s  a r e s i s t a n c e  decade box of 
s u f f  i c i e n t  range t o  allow an approximate r e s i s t a n c e  of the  
c e l l  t o  be achieved, and the  f i n a l  two arms of t h e  br idge 
were composed of a divided s l idewire  of uniform c ross  sec- 
t i o n a l  a rea .  A nul l -poin t  w a s  de tec ted  by t h e  use of head 
IH. R. Raikes, "Ions and the  Conductance of E l e c t r i -  
c i t y ,  " ~ & s a c t l o n  -- of t h e  South African I n s t i t u t e  - of 
E l e c t r i c a l  Sngineers , ~ w I m ~ 6 ) ,  149. 
2 ~ .  Qulncke, "On E l e c t r o l y s i s  and Conductance of Zlec- 
t r l c i t y  Through ~ i q u i d s , "  Journal -- of t h e  Chemical Society,  
XXV (1872) ,  207. 
4 ~ l o r i a n  CaJor l ,  Hls tor  of Physics ( ~ e w  York: The 
MacMillan Company, 1917 ) d 2 7  
5 phones. Kohlrausch minimized t h e  p o l a r i z a t i o n  of shiny 
platinum e lec t rodes  by e l e c t r o p l a t i n g  f i n e l y  divided plat-  
inum upon them from a c h l o r o p l a t i n i c  s o l u t i o n  t o  which a 
1 small t r a c e  of l e a d  a c e t a t e  had been added. Jones and 
~ o l l i n g e r ~ ,  i n 1935, found t h a t  a t h i n  ve lve ty  black coat ing  
of platinum w a s  s u f f i c i e n t  t o  minimize p o l a r i z a t i o n  when a 
frequency of 1000 t o  5000 cycles  p e r  second w a s  used. These 
au thors  found t h a t  the  lowering of t h e  a c t u a l  c e l l  r e s i s t a n c e  
from t h e  t r u e  c e l l  r e s i s t a n c e  due t o  t h e  capac i t a t ive  shunt 
between p a r t s  of the  c e l l  of opposi te  p o l a r i t y  could be 
e l iminated  by proper c e l l  design. Hovorka and Mendenhall 4 
5 and Buck and Smith used cathode-ray tubes t o  d e t e c t  t h e  
balance of t h e  br idge and found no l o s s  of s e n s i t i v i t y  i n  
comparison with earphones. 
l ~ r i n n e l l  Jones and Dorothy Boll inger ,  lfThe Leasure- 
ment of t h e  Conductance of E lec t ro ly tes .  V I I .  On P la t in iza -  
t i o n , "  Journal  -- of t h e  American Chemical Society,  L V I I  ( 1 9 3 j ) ,  
280. 
3 ~ r l n n e l l  Jones and Dorothy Boll inger  , lfThe Xeasure- 
ment of the  Conductance of ~ l e c t r o l ~ t e s .  111. Design of 
C e l l s ,  Journal  -- of t h e  Chemical Society,  L I I I  (1931) ,  411. 
' ~ r a n k  Hovorka and E l m  Mendenhall, "A Cathode-Say 
Tube Al te rna t ing  Current Bridge Detector f o r  Conductivity 
?leasurements, l1 Journal  - of Chemical Sducation, X V I  (1939) ,  
5 ~ e n n e t h  Buck and Gi lbe r t  Smith, llNull-Point Detector 
f o r  Direc t  and Alterna t ing  Current and i t s  use i n  Conductance 
and E. m. f . :l?easurements, l1 Transactions -- of the  Faraday Society,  
XXXXI (1945),  588. 
6 
In 1888, ~egreano' determined the progress of an 
2 etherification by conductivity measurements. Price and 
~ c ~ l h i n e y ~  followed the reaction of ethyl alcohol and 
4 hydrochloric acid. Rivett and Sidgwick in 1910 and Grunberg 5 
in 1962 determined conductometrically the reaction rate of 
the formation of acetic acid from the anhydride in water. 
6 Cody and Lictenwalter were the first to study reaction rate 
by conductivity methods in non-aqueous solutions. Since then 
many react ions have been studied conductometrically : (1 ) 
benzyl chloride in formic acid?, (2) alkyl halides with po- 
'~e~reano, "Velocity of Etherif ication Determined 
by Means of Electrical Conductance," Journal -- of the Chemical 
Society, LIV (1888), 1025. 
2~homas Slater Price, "The Reaction of Ethyl Alcohol 
and Hydrochloric Acid, ~o&nal -- of the Chemical Society, 
LXXX (1901), 303. 
3~arker C. McIlhiney, "A Method for Determining the 
Resistances of Electrolytes," Journal -- of the American Chemical 
Societx, XX (1898) 206. 
'~lbert Rivett and Nevi1 Sedgwick, "The Rate of -- 
Hydration of Acetic Anh~dride,~~ ~ou&al -- of the Chemical Society, 
LXXXXVII (1910), 732. 
5~avld B. Greenberg, 'Reaction Kinetics from Con- 
ductivity Data, " Journal of the Chemical Education, XXXIX 
( 1 9 6 2 ) ,  140. 
6 ~ .  P. Cody & H. 0. Llctenwalter, wChemical Reactlons 
and Electrical Conductivity of Non-aqueous  solution^,^ 
Journal of the American Chemical Society, Mr (1913), 1434. 
7~lwyn G. Evans and S. D. Hamann, "Energy and Entropy 
Changes of Organic Reactions, Transactions -- of the Faraday 
Society, XXXXVII (1951), 26. 
7 
tassium iodide in acetone1, (3) alkyl halides with tertiary 
mines, and (4) solvolysis of tertiary butyl chloride. Of 
the numerous reaction studies cited, only Chesick and Patter- 
son and Greenberg related the reaction kinetics in terms of 
resistances and no studies had the reaction kinetics in terms 
of conductances. 
The first quantitative kinetics measurement was made 
by Ludwig Wilhelmy in 1850. He measured the inversion of 
cane sugar in aqueous solutions of acids with time. Wil- 
helmy found that the rate of decrease of sugar at any instant 
was proportional to the concentration of unconverted sucrose 
remaining. Berthlote and St. Gillis, in 1862, found similar 
results with their equilibrium studies between ethanol, 
acetic acid, ethyl acetate, and watere4 In 1867, Harcourt 
and Esson published results of an investigation concerning 
the reaction of potassium permanganate with oxalic acid and 
hydrogen peroxide with iodic acid.' They calculated the 
larynmar Jones and D. J. Worsf old, "Determination of 
Reaction Sates by Conductivity Measurements,It Nature, CLXVII 
(1951) , 1072. 
'~ohn Chesick and A. Patterson, Jr. , "Determination 
of Reaction IZates with an A. C. Conductivity Bridge," Journal 
of Chemical Education, XXXVII (1960), 242, 
-
4~eith J. Laidler, Chemical Kinetics (New York: 
ticGraw-Ilill Book Company, Inc. , 1 9 5 m .  
5 ~ .  Vernon Harcourt and W. Esson, "On the Observations 
of the Course of Chemical Change, Journal -- of the Chemical 
Society, XX (1867), 461. 
8 
second order rate constant similarly to present methods. 
calhoursl first synthesized piperidine in 1854 by 
the distillation of piperine with potash lime. He found 
that piperidine dissolved In water and was a colorless base 
with a formula of C5HI1N. In 1933, opstal12 studied 2,4- 
dinitrochlorobenzene with piperidine in absolute alcohol at 
zero degrees centigrade and twenty-five degrees centigrade. 
He determined the chloride ion concentration by ti trat ing 
with silver nitrate and found the reaction to be of the second 
order. Blanksma and Scrinemaker studied the reaction of 
primary and secondary amines on 2,k-dinitrochlorobenzene in 
absolute alcohol by the disappearance of the amineO3 Brady 
4 
and Cropper studied the same reaction but determined the 
progress of the reaction by the volumetric analysis of the 
chloride. They verified the reaction being of the second 
order and determined that the dinitrophenylpiperidine pro- 
duced did not react with the 2,4-dinitrochlorobenzene nor was 
'A. Cahours, "On Piperidine, A New Alkali Derived 
from Piperine, " - The Quarterly Journal -- of the Chemical Society, 
VI (1854)s 175. 
2 ~ .  J. Opstall, llReaction Velocity of 1-chloro-2,k- 
dioltrobenzene and 1- chloro- 2 ,bdinitronaphthalene with Aro- 
matic Amines," Recueil des travaux chimiques des Pa s Bas, 
LIII (1933). 901-911; Cheinical Abstract, V o l ~ 2 & i m ,  
30. L. Brady and F. R. Cropper, "The 3eaction Between 
Amines and 1- chloro-2,b-dlnitrobenzene, Journal -- of the 
Chemical Society, LXXII (1950), 507. 
the alcoholysis appreciable. Bunnett and ~avisl determined 
t 
the reaction kinetics of 2,b-dinitrochlorobenzene with 
piperidine in sixty per cent dioxane. Bunnett, Gabisch, and 
2 Pruitt studied the Arrhenius parameters of 2,bdinitro- 
chlorobenzene with piperidine in 95 per cent ethanol at 
twenty-five degrees centigrade and zero degrees centigrade. 
They determined that the formation of an unstable intermediate 
substance was the most probable rate determining mechanism. 
'5. F. Bunnett and G. Davis, "Kinetics of Reaction 
of 2,4-dinitrochlorobenzene with Some Familiar Nucleophilic 
Reagents, Journal -- of the American Chemical Society, LXXVI 
(1954) , 3011- 
2 
J. F. Bunnett, Edgar W. Garbisch, Jr., and Kenneth 
14. Pruitt, "The 'Element Effect' as a Criterion of Kechanism 
In Activated Aromatic Nucleophilic Substitution Seactions , " 
Journal of the American Chemical Society, LXXIX (1957), 385. 
CHAPTER I11 
YiTHODOLOGY AND CALCULATION 
I. METHODOLOGY 
The problem w a s  t o  measure the  r e s i s t ance s  (Fit) of 
t h e  r e ac t i ng  so lu t i ons  a f t e r  known times had elapsed from 
t h e  start  of the  react ions.  The concentrat ions of t he  re* 
gents  and t h e  reac t ion  temperatures were va r ied  t o  a s c e r t a i n  
t h e i r  inf luence  upon the  Arrhenius parameters determined 
conductometrically. 
The Wheatstone bridge c i r c u i t  used t o  measure t he  
r e s i s t ance s  is  shown i n  Figure 1. E i the r  Cel l  A o r  Cel l  B, 
depending on which c e l l  r e s i s t ance  w a s  being determined, 
cons t i t u t ed  one arm of t he  bridge. Cells A o r  B could be 
placed a l t e r n a t e l y  i n  the  c i r c u i t  by means of the  double pole 
double throw switch, G. Two General Sadio decade boxes of 
t h e  1432-Q and 1432-P s e r i e s  gave a renge of one-tenth o h  
t o  one megohm res i s t ance .  The accuracy of the  c o i l s  was .05 
pe r  cent  f o r  the  c o i l s  equal t o  o r  g r e a t e r  than one hundred 
ohms.' For the  c o i l s  below one hundred ohms the  accuracy was 
0.1 pe r  cent. These decade boxes allowed coarse approximations 
of the  r e s i s t ance s  In  the  conduct ivi ty c e l l s  t o  be achieved 
l ~ e n e r a l  Radio Company, Cataloe, No. R ,  (West Concord, 
D:assacl?usetts: General Radio Company, 1963) ,  161. 
Conduct ivi ty  c e l l  A i 
Double-pole, double-throw swi tch  I 
Conduct lvi ty  c e l l  B I 
General Radio decade r e s i s t o r ,  type 1432-P 
tieadphones 
i General  'iiadio decade r e e l a t o r ,  type  1432-Q 
i 
Osci l loecope I 
Leeds & Northrup slide wire I 
S igna l  gene ra to r  I I 
1 2  
and comprised t h e  second arm. A s tudent  Kohlrausch s l idewi re ,  
manufactured by Leeds and Northrup Company, w a s  used t o  ob- 
t a i n  the  f i n a l  balance between t h e  decade boxes and the  con- 
d u c t i v i t y  c e l l .  The cen te r  t a p  thus separa ted  t h e  t h i r d  and 
f o u r t h  arms. The s tudent  s l idewi re  cons is ted  of a s l idewi re  
of approximately t h i r t y - f i v e  cent imeters  i n  l eng th  c a l i b r a t e d  
i n t o  two hundred u n i t s  and two end c o i l s  (550 ohms) each f o u r  
and one-half times t h e  r e s i s t a n c e  of t h e  wire (122 ohms). 
This allowed the  s l idewi re  t o  be one-tenth of t h e  complete 
1 
L 
c i r c u i t .  The s l idewi re  w a s  ca lcu la ted  by 
A w a s  t h e  d i a l  reading. The two r a t i o  extremes a r e  0.8182 
and 1.2217 when A equal led 1 and 999 d i a l  u n i t s  respect ive ly .  
A l l  r e s i s t a n c e s  were determined using the  end c o i l s  of the  
s l i d e w i r e  t o  insu re  t h e  g r e a t e s t  accuracy ,  
When the  po in t s  A and B were a t  the  same p o t e n t i a l ,  
a nul l -poin t  w a s  achieved. The nul l -point  w a s  determined by 
t h e  absence o r  minimum of sound on the  head phones and the  
formation of a s t r a i g h t  hor izonta l  l i n e  on a Model 670 
Hickok osc i l loscope  screen. I t  was found t h a t  t h e  o s c i l l o -  
scope allowed a quicker ,  more d e f i n i t e  nul l -poin t  de tec t ion  
f o r  high r e s i s t a n c e s  a t  the beginning of a reac t ion .  The 
head phones were more s e n s i t i v e  a t  the  end of t h e  r eac t ion  
when the  r e s i s t a n c e s  were lower and not  changing rapid ly .  
l ~ i m e r  a d  Amend and Fisher  S c i e n t i f i c  Company, 
Modern L a b o r ~ t o r y  Appliances, No. 90,  (New York: F isher  
S c i e n t i f i c  Company, Ltd., 1942) ,  p. 425. 
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A v a r i a b l e  capac i to r  i n  p a r a l l e l  with the  e l e c t r o l y t e  c e l l s  
d i d  not  e f f e c t  the  "sharpnessgt of the  nul l -point .  By using 
sh ie lded  wires ,  i n t e r f e r i n g  magnetic f i e l d s  were minimized. 
The sh ie lded  wires  were grounded t o  the  bui ld ing  water 
system. Without sh ie ld ing ,  d e f i n i t e  nul l -poin ts  were 
unat ta inable .  
Since an audio,  as well  as a v i s u a l ,  determinat ion 
of the  br idge  balance w a s  des i red ,  a. one-thousand cycle  audio 
frequency o s c i l l a t o r  with a pure s i n e  wave and f r e e  from 
harmonics w a s  used. A preparatory s tudy w a s  made using a 
v a r i a b l e  frequency o s c i l l a t o r  t o  determine the  e f f e c t  of 
frequency upon the  nul l -point .  No not iceable  change w a s  
observed. 
The t iming devices used i n  t h i s  study were a Nuclear 
Chicago Model T-101 t imer which measured t o  the  nea res t  
hundredth of a minute and an ordinary General E l e c t r i c  w a l l  
clock w i t h  a sweep second hand. The Ifodel 11-101 w a s  s t a r t e d  
manually by a pressure  switch on the f l o o r  upon t h e  in t ro-  
duct ion of p ipe r ld ine  i n t o  t h e  conduct ivi ty  c e l l  a l ready 
containing t h e  proper amount of 2,4-dinitrochlorobenzene. 
After  the  r eac t lon  proceeded s u f f i c i e n t l y  t o  minimize the  
importance of the  time f a c t o r ,  t h e  t iming was t r a n s f e r r e d  t o  
t h e  w a l l  clock. 
In order  t o  have a s  near ly  constant  temperature a s  
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poss ib le  f o r  the  reac t ion ,  a l a rge  water bath was used. The 
e n t i r e  bath w a s  i nsu la ted  w i t h  one-half inch th ick  spun g lass .  
The temperature of t he  water w a s  measured with a one-tenth 
degree cent igrade i n t e r v a l  thermometer. For approximately 
zero  degrees cent igrade,  a s u f f i c i e n t  amount of i c e  cubes 
were kept i n  the  bath and t he  ice- ice water mixture w a s  
cons tant ly  s t i r r e d  by an e l e c t r i c  s t i r r e r .  A t  twenty-five 
degrees and f o r t y  degrees,  a seven hundred and f i f t y  w a t t  
hea te r  c o i l  w a s  used t o  introduce hea t  i n t o  the  system while 
another  c o i l ,  a t tached t o  the  cold water ta.p, was used t o  
quickly cool  the  system o r  t o  a c t  a s  a balance aga ins t  the  
heat ing  c o i l .  
The thermostats were of t he  vapor type. The l i q u i d s  
used i n  t he  thermostats were e thy l  e t h e r  f o r  twenty-five de- 
g rees  and carbon d i s u l f i d e  f o r  f o r t y  degrees. The thermostats  
were connected t o  a r e l ay  which i n  t u rn  con t ro l l ed  the  heat- 
ing  c o i l .  A Fisher  catalog indica ted  a thermostat  of t h i s  
type capable of accuracy within a range of  four  one-hundredths 
of one degree.' Care w a s  taken t o  submerge t h e  thermostat  
t he  same depth as  the  conduct ivi ty c e l l s  and thermometer. 
T h i s  was approximately th ree  centimeters from the  surface.  
The Xohl r~usch  type conduct ivi ty c e l l s  were used. 
Cel l  A w a s  designed f o r  measuring e l e c t r o l y t e s  w i t h  l a rge  
1 5  
r e s i s t a n c e s  because of l a r g e  e l ec t rode  sur face  a r e a  and the  
c loseness  of t h e  two e lec t rodes .  Cell  B was constructed 
f o r  e l e c t r o l y t e s  with so lu t ion  r e s i s t a n c e s  l e s s  than those 
f o r  Cel l  A, 
Since p o l a r i z a t i o n  of the  shiny platinum e lec t rodes  
could give erroneous r e s i s t a n c e s ,  a t h i n  ve lve ty  black 
platinum coat ing  was e lec t rop la ted  on the  e l ec t rodes  from 
a c h l o r o p l a t i n i c  a c i d  so lu t ion  ( H ~ P ~ C ~ ~ )  t o  which a t r a c e  
(.02 grams) of l e a d  a c e t a t e  had been added. Bol l inger  and 
  ones' found the  platinum black flaked-off when t h e  t r a c e  
of l e a d  a c e t a t e  was omitted. The e l e c t r o p l a t i n g  of the  
platinum from the  s o l u t i o n  w a s  accomplished by regu la t ing  
t h e  cu r ren t  from a th ree  v o l t  dry c e l l  with a for ty- four  ohm 
r h e o s t a t ,  before it entered  the  conduct ivi ty  c e l l .  The 
c u r r e n t  was reduced u n t i l  only a few bubbles vere  being 
l i b e r a t e d  a t  the  e lec t rode .  The d i r e c t i o n  of t h e  cu r ren t  
w a s  reversed approximately every t h i r t y  seconds u n t i l  a 
ve lve ty  black coat ing remained on both e lec t rodes .  This 
procedure took place rap id ly  i n  Cel l  A but Cel l  S requi red  
a t  l e a s t  e i g h t  minutes, depending upon the  s t r eng th  of the  
current .  The c e l l s  were then f i l l e d  and emptied s i x  times 
each w i t h  s i x  normal s u l f u r i c  acid.  After f i l l i n g  t h e  c e l l s  
l ~ r i n n e l l  Jones and Dorothy bi. Bol l inger ,  "The Keasure- 
- 
ment of the  Conductance of ~ l e c t r o l ~ t e s .  V I I J  On P la t in iza -  
t i o n ,  " Journal -- of the  American Chemical Zociety, L V I I  (1935), 
283. 
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the  seventh time with the  ac id ,  a much s t ronger  cur ren t ,  
which was reversed every minute f o r  t h i r t y  minutes, w a s  
allowed t o  Pass through c e l l s  i n  order  t o  remove any gases 
( ch lo r ine )  occluded from the  preceding process. The c e l l s  
were then r insed with d i s t i l l e d  water four  times and allowed 
t o  remain a t  room temperature f o r  a t  l e a s t  four  hours. 
Conductivity water f o r  determining t he  c e l l  constants  
w a s  prepared by r e - d i s t i l l i n g  d i s t i l l e d  water i n  an a l l  
g l a s s  system, and co l l ec t ing  the  water hot t o  prevent carbon 
dioxide from re-dissolving. A polyethylene vesse l  w a s  used 
t o  s t o r e  the  conductivity water i n  order  t h a t  no ions would 
be dissolved from the vessel .  
The c e l l  constants  of c e l l s  A and B a r e  dependent 
upon the  geometrical configurat ion of the  e lec t rodes  and 
thereby should Indica te  any inherent changes i n  the  c e l l s  a t  
the  commencement and termination of t h i s  study. The deter- 
mination of the  c e l l  constants a l so  allowed a check of the  
reproduc ib i l i ty  of system. By f inding the  res i s t ances  of 
h o r n  concentrations of potassium chloride so lu t ions  whose 
s p e c i f i c  conductances a r e  known, the c e l l  constant can be 
determined using 
K = LR 
w i t h  K being the c e l l  constant ,  L the  s p e c i f i c  conductsnce, 
and R the  res i s t ance  of a potassium chloride solu t ion .  The 
s p e c i f i c  r e s i s t ance  of a conductor i s  defined as the res i s t ance  
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i n  ohms of a s o l u t i o n  between two e lec t rodes  one centimeter 
1 a p a r t  and with a one square cent imeter  cross-sect ion.  The 
s p e c i f i c  conductance i s  the  r ec ip roca l  of the  s p e c i f i c  r e s i s -  
tance. The concentrat ions and t h e i r  r e spec t ive  s p e c i f i c  
conductances a t  twenty-five degrees cent igrade a r e  given i n  
Table I. 
TABLE I 2 
THE SPECIFIC CONDUCTANCES OF VARIOUS CONCENTEIATIONS 
OF POTASSIUlrl CHLORIDE AT 25' C. 
Concentration of 
Potassium Chlori  e  
i n  moles l i t e r '  f 
Speci f ic  
Conductance 
i n  mhos cm-1 
The potassium chlor ide  so lu t ions  were   re pared t e n  
times the  des i red  s t r eng ths .  Potassium ch lo r ide  which assayed 
a t  100.0 p e r  cent was used. F i f t y  m i l l i l i t e r  a l i a u o t s  of 
t h e  s o l u t i o n  were removed and d i l u t e d  i n  a volumetric f l a s k  
t o  f i v e  hundred m i l l i l i t e r s  with conduct ivi ty  water. The 
s o l u t i o n s  were s to red  i n  polyethylene b o t t l e s ,  The conduc- 
l ~ .  Jermain Crelghton, P r inc ip les  and X l i c a t i o n s  of 
d lec t rochemis t rg  (London: Chepman and H a l l  Co~pany 1935 , 
P *  574. 
--- 
2 ~ r l n n e l l  Jones and Benjamin Bradshaw, "The i~2easure- 
ment of t h e  Conductance of E lec t ro ly tes .  V. strong Zlectro- 
l y t e s ,  " Journal -- of the  American Chemical Society,  LV (1933),  
1780. 
t i v i t ~  c e l l s ,  a f t e r  being r insed  severa l  times with the  
potassium ch lo r ide  so lu t ions ,  were f i l l e d  and placed i n  the  
twenty-five degree water bath u n t i l  thermal equi l ibr ium w a s  
a t t a i n e d .  Resis tances of t h e  c e l l s  were measured using t h r e e  
d i f f e r e n t  s e t t i n g s  on the  decade boxes. To insure  aga ins t  
erroneous r e s u l t s  due t o  the  so lu t ion  concentrat ion,  a t  
l e a s t  t h r e e  d i f f e r e n t  so lu t ions  were prepared a t  each concen- 
t r a t i o n .  The potassium chlor ide  c r y s t a l s  were weighed t o  
t h e  n e a r e s t  one-tenth of a milligram. 
Af te r  t h e  c e l l  constants  were determined and the  
apparatus '  r e l i a b i l i t y  proven acceptable ,  the  s o l u t i o n s  
f o r  determining the  r eac t ion  k i n e t i c s  of 2,4-dinitrochloro- 
benzene with p iper id ine  i n  95 pe r  cent e thanol  were prepared. 
The p i p e r l d l n e  so lu t ion  w a s  prepared so t h a t  t e n  m i l l i l i t e r s  
contained the  des i red  number of moles of p ipe r id ine  t o  be 
introduced In to  the  c e l l s .  Two so lu t ions  of 2,4-dinitro- 
chlorobenzene were prepared so t h a t  18.5 m i l l i l i t e r s  f o r  
c e l l  A and 29.0 m i l l i l i t e r s  f o r  c e l l  3 contained t h e  des i red  
number of moles. The concentrat ions of 2 ,b-dinl t rochloro-  
benzene chosen f o r  t h i s  r eac t ion  study were , 0 0 1  moles, .002  
moles, and .0025 moles i n  18.5 and 29.0 m i l l i l i t e r s  of pre- 
pared so lu t ions .  The concentrat ions i n  moles of the  
p ipe r id ine  i n  1 0  m i l l i l i t e r s  of so lu t ion  were twice the  2,4- 
dinitrochlorobenzene. For c e l l  A the  a c t u a l  concentrat ions 
of t h e  2,4-dinitrochlorobenzene i n  moles per  l i t e r  involved 
19 
in the reactions are .0351, .0702 and, .0887 for the corres- 
ponding concentrations .0010, .0020 and, .0025 moles per 18.5 
milliliters of solution. For cell B, the corresponding 
initial   on cent rations Of 2,4-dinitrochlorobenzene in moles 
Per liter are .0256, .0513 and, .0641 for .0010, .0020 and, 
.0025 moles respectively. The concentrations of 2,4-dinitro- 
chlorobenzene and piperidine were such that there were two 
molecules of piperidine for every one molecule of 2,4-dini- 
trochlorobenzene. 
These concentrations were chosen because the resis- 
tances taken during the reaction could be easily measured. 
The solid reagent was placed into a volumetric flask 
approximately three-fourths filled with 95 per cent ethanol 
and dissolved. It was found that the rate of solution of 
the 2,b-dinitrochlorobenzene in 95 per cent alcohol could be 
increased by placing the volumetric flask into water at 
approxim~tely fifty degrees and by occasionally shaking the 
flask. The piperidine was measured into a 100 ml volumetric 
flask with a five milliliter pipet graduated in one-tenths 
of one milliliter. The solutions were then diluted to mark. 
The resistances of the reacting solution were first 
determined when the reaction occurred at twenty-five degrees 
centigrade. The procedure was as follows: 
1. Prepare solutions as described previously. 
2. Introduce the proper volume (18.5 ml and 29 ml 
for cell A and cell B respectively) of 2,4- 
dinitrochlorobenzene by means of a 50 ml buret. 
3.  Place the cells in the water bath and allow the 
2,b-dinitrochlorobenzene to come to temperature. 
4. Place the volumetric flask containing the 
piperidine solution in the water bath and allow 
it to reach thermal equilibrium. 
5. Pipet 10 ml of piperidine into cell A and cell B. 
Start the timer when approximately one-half of 
the solution is in the cell. 
6. Keasure the time for the first few null-points 
to be reached at a preset reading of 500 on the 
slidewire and preset resistances on the decade 
box. 
7. Measure the resistances of the cell for specific 
horn times after the reaction has started and 
until a constant resistance is obtained. 
At forty degrees the pipet method for introducing 
the piperidine into the cells was Inaccurate. A ten milli- 
liter hypodermic syringe, suggested by Doctor F, E. ~acob, 
proved to be ideal. The syringe, ~ i t h  a piece of plastic 
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tubing placed over the  needle a f t e r  being f i l l e d  with pipe- 
i d i n e ,  w a s  placed i n  t h e  water bath and allowed t o  come t o  
temperature. The syringe w a s  wiped with an absorbent c l o t h  
a f t e r  being removed from the  water bath t o  prevent the  intro-  
duct ion of water  i n t o  the  system. The needle  w a s  placed i n t o  
t h e  s o l u t i o n  of 2 ,kdin i t rochlorobenzene  t o  allow t h e  f o r c e  
of the  e n t e r i n g  p ipe r id ine  t o  thoroughly mix the  two reac tan t s .  
The same procedure was followed a t  0.2 degrees cent igrade  as 
a t  f o r t y  degrees. 
The r e a c t i o n  r a t e ,  o r  r eac t ion  v e l o c i t y ,  i s  defined 
as the  r a t e  of change of concentrzt ion of a  substance in- 
1 
volved i n  a r e a c t i o n  a t  a  f ixed  temperature. Since the  
r a t e  almost invar iably  changes with time, a  d e r i v a t i v e ,  
dCa/dt i s  used t o  express the  r e l a t ionsh ip ;  Ca i s  the  con- 
c e n t r a t i o n  of a reac tan t .  The use of concentra-tion i n  
def in ing  a r e a c t i o n  r a t e  makes the r a t e  an in tens ive  pro- 
pe r ty  ( i . e .  independent of s i z e ) .  This dependence of t h e  
r a t e  on concent ra t ion  i s  shorn through a  p ropor t iona l i ty  
f a c t o r ,  k ,  which is  known as the s p e c i f i c  r e a c t i o n  r a t e ,  
r a t e  cons tant ,  o r  r a t e  coe f f i c i en t .  It is  numerically 
l ~ r o s t  and Pearson, 2. e., p .  9 .  
equal to the reaction rate when the reactants are present 
in unit concentration and it has the dimensions of 
k = (concentration) (time)-' 
where n is the order of the reaction. Glasstone and Lewis 
defines the order of the reaction as Vhe number of atoms 
or molecules whose concentrations determine the rate of 
the reaction*. 1 
A second order reaction rate is proportional to the 
first power of the concentration of two reactants or to 
the second power of one substance's concentration. Bunnett 
2 
and Crockford and other experimenters found the reaction 
between 2,b-dinitrochlorobenzene and piperidine to be of 
second order in 95 per cent ethanol as well as absolute 
ethanol. This reaction proceeds in two steps with the 
first being the slow or rate determining step. 
NQ NO2 
Step I 02%@1 + H-N> 02N -6- $ 3 1 -  
H 
N 02 
-G+3a- + A  ~3+ Step I1 02N \ / 
'~amuel Glasstone and David Lewis, Elements 
(h'ew York: D. Van Nostrmd Company, Inc., 19 
2.~, F. Bunnett and H. D. Crockford, "A Versatile Ex- - - - -  - 
periment in Reaction Kinetics for Physical Chemistry L a b  
oratory, Journal of Chemical Education, XXXII (1956), 556. 
The reaction rate for this reaction would be 
where x is the amount of either 2,4-dinitrophenylpiperidine 
or piperidinium chloride produced at time t, a is the 
original concentrations of 2,4-dinitrochlorobenzene, and b 
is the original concentration of piperidine. If the initial 
concentration of piperidine is made exactly twice the 
initial concentration of 2,4-dinitrochlorobenzene, the 
reaction rate expression is modified and becomes 
Integrating the modified rate exnression and calculating 
the constant of integration, one obtains 
Conductivity is a measure of the total ions and is 
not only dependent upon kinds of ions but also the concen- 
trations of the various species. Equivalent conductance (A 
is the conductance of a solution containing one g r m  equiva- 
lent per liter of solution and is expressed by 
where L is the specific conductance and c is the concen- 
tration of the solution in gram equivalents per liter. 
Solving the above expression for the specific conductance 
and substituting Kcell, the expression becomes 
R 
where C is the total conductance of the solution. By 
assuming Kohlrausch's law of independent migration of ions 
to be applicable (at infinite dilution, each ion makes a 
definite contribution toward the equivalent conductance of 
an electrolyte )', one obtains 
where 1 = equivalent ionic conductances 
c = concentrations of ionic species in equivalents 
per liter 
Kcell = cell constant. 
For the reactions being considered, the three conductances 
are 
where Co, Ct, and C,are conductances at times o, t, andm 
minutes respectively. 
l~lasstone and L,ewis, op. G. , P. 441. 
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ATter subtracting Co from both Ct and Ca, the 
equivalent ionic conductances and the cell constent were 
eliminated by dividing the two differences. 
Solving of the above expression for x and substituting 
Into the integrated rate equation permitted the reaction 
rate to be expressed in terms of conductances, which are 
linear functions of the molar concentrations. The conduc- 
tances were all calculated from the reciprocals of the 
resistances. The substituted rate equation becomes 
which is in the point-slope equation of a straight line. 
Thus, a plot of Coo - Co versus t should give a straight 
Cm - Ct 
line whose slope equals 2ka and that has a y-intercept of 1. 
The slopes and y-intercepts of the best lines through the 
plotted points were obtained from the method of least squares, 1 
y- intercept = E ( x ) 1 2 -  n z ( x 2 )  
slope = 2ka = E x  EY) - n E x y )  
[ t ( x )  1' - n x ( x 2 )  
15. W. Mellor, Mathematics - for Students - of 
and Physics Dover Fubll.cstions, 
5x-P.  327. 
where y = conductance r a t i o ,  C" - Co 
Cco - C t  
x = time i n  minutes 
n = number of p l o t t e d  points .  
The h a l f - l i f e ,  amount of time necessary f o r  one-half 
t h e  o r i g i n a l  concentrat ion t o  r e a c t ,  was determined by 
s u b s t i t u t i n g  1/2a f o r  x i n t o  the  in tegra ted  r a t e  equation. 
The s u b s t i t u t e d  equation becomes 
which is 1 . 
s lope  
The dependence of the  s p e c i f i c  r a t e  constant on 
temperature was f i r s t  presented by v o n t t  ~ o f f l  i n  1887 and 
extended i n  1889 by Svante Arrhenius. Arrhenius thought 
a reasonable equation f o r  the  v a r i a t i o n  of the  r a t e  constant  
w i t h  temperature might be 
dlnk , 
- -  
E 
dT RTL 
which becomes upon in teg ra t ion  
Ink = - + constant  m 
where the  constant  equals I n  A. This is the famous 
Arrhenius equat ion,  but it I s  usual ly  wr i t t en  i n  the  
fol lowing exponent ial  form: 
k = A ~ - ~ / R T  
where A i s  t h e  frequency f a c t o r  wi th  t h e  dimensions of t h e  
spec l f  i c  r a t e  cons t an t ,  e - R / ~ ~  i s  t h e  Boltzmann f a c t o r ,  
E t h e  energy of a c t i v a t i o n  i n  k i l o c a l o r i e s ,  R t h e  u n i v e r s a l  
g a s  cons t an t  equal  t o  1.987 c a l o r i e s  degreew1 mole-', and 
T i s  t h e  a b s o l u t e  temperature i n  degrees Kelvin. Taking t h e  
common logar i thm of t h e  i n t e g r a t e d  form, one o b t a i n s  
l o g  k = l o g  A - E 
2,303 RT 
which should y i e l d  a s t r a i g h t  l i n e  i f  l o g  k versus  1 / T  
i s  p l o t t e d .  The l i n e  would have a s lope  equal t o  -E 
2.303B 
,- - 
and a y - i n t e r c e p t  of l o g  A. The s lope  of t h e  s t r a i g h t  
l i n e  ob ta ined  from f i g u r e  8 was -2.313Xlo3, t hus ,  
(2.303)(1.987)(-2.313~10~) = -E 
10.66 Kcal. = E 
The i n t e g r a l  between l i m i t s  of t h e  Arrhenius express ion  
y i e l d  
Taklng two p o i n t s  on t h e  l i n e  from f i g u r e  8 ,  an a c t i v a t i o n  
energy,  E ,  c a l c u l a t e d  from t h e  s lope  gave a value of 10.58 
Kcal. 
If one supposes an equi l ibr ium e x i s t s  between r e a c t i n g  
molecules and a very uns tab le  in termediate  which decomposes 
i n t o  t h e  products  of t h e  r eac t ion ,  it i s  poss ib l e  t o  de r ive  
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an equation for the specific reaction rate of any reaction, 
namely 
where N is Avogardrots number, h is Planckts constant, and 
K* is the equilibrium constant between the reactants and 
the activated state. Thermodynamically, it can be shown 
that 
which after substitution becomes 
Taking the logarithm of the above expression one obtains 
log k = T76-T - ~*rn + log m 
Using the values of 1.744 liters mole-' second-' and 298.3 
degrees absolute for k and T respectively, one finds the 
change in entropy to be 21.84 calories. 
TABLE I1 
ATTEMGE RESISTANCES AND CONDUCTIVITY RATIOS AT GrVEN TIMES: 
.0010 MOLES OF 2 94-DINITROCHLOROBENZENE I N  
CELL A AT 0.2' C 
* 
Time i n  Average Rt s=/s s Cm - C 
Kinutes  i n  ohms N- 1 fl Cw - Ct 
* Co = .038 x mhos 
Cm = 3.36 x l o w 3  mhos 
a in minutes 
TABLE I11 
AVERAGE RESISTANCES AND C O N D U C T I V I T Y  R A T I O S  AT G I V E N  TIYSS: 
.0020 MOLES OF 2 , 4-DINITROCHLOROBENZENE I N  
CELL A A T  . 2 O  C 
Time in Average Rt s Ch - Co 
Kinutes in ohms F- Cw - Ct 
u 
Co = - 0 5 2  x l o w 3  mhos 
C, = 5 .727  x l o w 3  mhos 
a i n  minutes 
TABLE N 
AVERAGE R E S I S T A N C E S  AND CONDUCTFJITY RATIOS A T  GIVXN T I K E S  : 
.0025 NOUS OF ~,&DINITROCI~LOFZOBENZENE I N  
CELL A AT .2O C 
Time i n  Average Rt s Cm - C~ 
Minutes i n  ohms 
Cm - Ct 
* Co = 0.055 x 10-3 mhos 
Cm = 6.803 x 10-3 mhos 
a in minutes 
TABLE V 
AVERAGE RESISTANCES AND CONDUCTIVITY RATIOS AT GIVE11 TIMES : 
0010 NOLES OF 2 , 4- DINITROCHLOROBENZENE 
I N  CELL A AT 2j0 C 
Time i n  Average Rt S c, - co 
Minutes in ohms . N- 1 \F Cm - Ct 
C~ = 0 .061  x W O S  
a i n  minutes 
TABLE V I  
AVERAGE RESISTANCES AND CONDUCTIVITY RATIOS AT GIVEN TIMES : 
.0020 MOLES OF 2 94-DINITROTJRLOROBEIJZENE IN 
CELL A AT 25' C 
* 
Time i n  Average R t  s cm - co 
Minutes in ohms Coo - Ct 
a in minutes 
TABLE V I I  
AVERAGE RESISTANCES AND CONDUCTIVITY RATIOS AT GIVEN TIMES: 
. 0 0 2 5  MOLES OF 2 4- D~NITROCHLOROBENZENE I N  
CELL A AT 25O c 
Time in Average Rt s coo - co 
Minutes in ohms s= N - 1  ,K Cm - C t  
* Co = .085 X mhos 
C, =11 .325  x mhos 
a in minutes 
TABLE VIII 
AVERAGE RESISTANCES AND CONDUCTIVITY RATIOS AT GIVEN TINES: 
0010 MOLES OF 2 4-DINITROCHLOROBEDJZENE IN 
CELL A AT 40' C 
Time in Average Rt s CW - CO 
Minutes in ohms 
N- 1 Cm - Ct 
* Co = ,081 x l o e 3  mhos 
- 7.326 x mhos C n  
a In minutes 
AVERAGE RESISTANCES AND CONDUCTIVITY RATIOS AT GIVZN TIIrIES: 
.0020 N O U S  OF 2 94-DINITROCHLOROBENZENE IN 
CELL A AT 40' C 
Time in Average Rt s 
Xinutes in ohms N- 1 
cm = 11.976 x l0-'mhos 
a in minutes 
TABLE X 
AVERAGE RESISTANCES AND CONDUCTIVITY M T I O S  AT GIVEN TIMES: 
. 0025 MOLES OF  2 4-DINITROCHLOROBENZENE IN 
CELL A AT 4.0' C 
* 
Time i n  A v e r a g e  R t  S C@ - co 
IYl inute s i n  ohms \F C a  - C t  
* Co = 0.106 x 10-3 mhos 
Cd = 14.104 x l o w 3  mhos 
a i n  m i n u t e s  
TABLE XI 
AVERAGE RESISTANCXS AND CONDUCTIVITY RATIOS AT GIVEN TIMES : 
.0010 MOLES O F  2, 4-DINITRocHLOROBENZENE I N  
CELL B AT 0.2' C 
Time in Average Rt s 
:*I inut e s in ohms C 
u 
Coo - Co 
C, - C t  
a In minutes 
AVERAGE RESISTANCIZS AND CONDUCTIVITY RATIOS AT GIVEN TIMES: 
.0020 MOLES OF 2 94-DINITROCHLOROBENZENE I  
CELL B AT 0.2' C 
Time in Average Rt s 
Minutes i n  ohms 
N - 1  ,/F 
Coo - Co 
COG - Ct 
* Co = .033 x mhos 
C m  = 3.982 x mhos 
a In minutes 
TABLE XI11 
AVERAGE RESISTANCES MJD CONDUCTIVITY RATIOS AT GIVEN TIMES : 
.0025 FOLES OF 2,4-DINITROCHLOROBENZENE IN 
CELL B AT 0.2' C 
Time i n  Average Rt * 
Minutes i n  ohms s C m  - Co 
N - 1  Ccn - Ct 
a in minutes 
TABLE XIV 
AVERAGE RESISTANCES ARD CONDUCTDTITY RATIOS AT GIVEN TIYES : 
.001O MOLES OF 2 , 4-DIN~TROCHLOROBENZENE I N  
mLL B AT 25' C 
Time i n  A v e r a g e  Rt s 
Minutes i n  ohms 
N- 1 
* Co = '052 x lo-' mhos 
Ca = 3.993 x mhos 
a i n  minutes 
TABLE X T T  
AVXSAGE RESISTANCES AND CONDUCTIVITY RATIOS AT G l3JEN TIKES: 
0020  P'IOLES OF 2 , 4-DINITROCHLOBOBENZENE I N  
CELL S AT 25' C 
Time in Average R t  
b? inutes in ohms N- 1 
+ Co = 0.050 x mhos 
* C,= 6.910 x mhos 
a in minutes 
TABLE XVI 
AVERAGE FIESISTANCES AND CONDUCTIVITY RATIOS AT GIVEN TIMES: 
.0025 MOLES OF 294-DINITROCHLOROBENZENE IN 
CELL B AT 25' C 
u 
T i m e  in Average Rt c m  - co Minutes in ohms 
Cm - Ct 
* Co = 0.059 x mhos 
C, = 7.842 x mhos 
a in minutes 
TABLE XVII 
AVERAGE RESISTANCES AND CONDUCTIVITY RATIOS AT G I V E N  TINES : 
.0010 MOLES OF 2 94-DIRITROCHLOROBENZENE IN 
CELL B AT 40° C 
Time i n  Average R t  s 
Minutes i n  ohms N- 1 fl 
4 
* Co = 0.050 x 10- mhos 
4 
Ca, = 5.096 x 10- mhos 
a in minutes 
TABLE X V I I I  
AVERAGE RESISTANCES AND CONDUCTIVITY RATIOS AT G N E M  TIMES: 
0 0 2 0  NOLES OF 2 4-DINITROCHLOROBENZENE I N  
CELL B AT 4.0' C 
Time in Average Rt 
Minutes in ohms N- 1 
a in minutes 
TABLE X I X  
AVEEUTE RESISTANCES AND CONDUCTIVITY RATIOS AT GIVEN TIKESS: 
.0025 MOLES OF 2 , 4-DINITROCHLORO~ENZENE I N  
CELL B AT 40' C 
* Co = 0.077 a .has 
-4 Co = 10.000 X 10 mhos 
a in minutes 
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Figureo2. Increase in conductance ratio with tine : 
cell A at 0.2 centigrade. 
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Figure 3. Increase i n  conductance r a t i o  with time: 
c e l l  A a t  25' centigrade. 
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Figur: 4. Increase in conductance ratio w i t h  t h e :  
cell A at 40 centigrade. 
Time in minutes 
- 
r'igure 5. Increase in conductance rztio with tine: 
cell 3 at 0.2' centigrade. 
Time i n  minutes 
Figure 6. Lncrease i n  conductance r a t i o  with time: 
cell €3 at  25' centigrade.  
Time in minutes 
Figure 7. Increase in conductance ratio with time: 
cell ~ at 40' centigrade. 
CONCLUSIONS AND DISCUSSION 
 ind ding t h e  reproducibility of the  d a t a  was a 
necessa ry  prel iminary procedure, The values  obtained indi-  
c a t e d  t h e  maximum prec i s ion  which could be expected from 
c e l l s  A and B a t  d i f f e r e n t  c e l l  r e s i s t ances ,  Table XX 
TABLE XX 
REPRODUCIBILITY OF CELL A AND CELL B AT 
VARIOUS K C 1  CONCENTRATIONS AT 25' C 
K C 1  concen t ra t ion  Cell  A Cel l  E 
i n  moles p e r  l i t e r  Cel l  9es i s tance  Cel l  Resis tance 
Const t of c e l l  C o n s t ~ t  of c e l l  
i n  cm' "P i n  0,s incrn'- i n o h s  
showed t h a t  t h e  l e a s t  deviat ion occurred when the  c e l l  
r e s i s t a n c e  was lowest. The range of va lues  expected was 
f o u r  t i n e s  g r e a t e r  at .001 moles per  l i t e r  than a t  . O 1  ~ o l e s  
p e r  l i t e r .  Also, c e l l  B ' s  dev ia t ions  were l a r g e r  than Cell  
A ' s  dev ia t ions .  The devia t ions  were r a t h e r  misleading,  
however, because t h e  r e l a t i v e  per cent devia t ion  was 
54 
a c t u a l l y  l e s s  i n  c e l l  3 and a t  838 ohms than a t  88 ohms i n  
c e l l  A. The equipment was considered p r e c i s e  enough. 
Tables  11 through X I X  conta in  t h e  fol lowing f i v e  
columns: (1) time elapsed from start of r e a c t i o n ,  ( 2 )  
average  r e s i s t a n c e s  a t  time t ,  ( 3 )  s tandard  dev ia t ion  of 
an i n d i v i d u a l  read ing ,  (4 )  s tandard dev ia t ion  of t h e  mean, 
and ( 5 )  c a l c u l a t e d  conduc t iv i ty  r a t i o  a t  time t. The average 
r e s i s t a n c e s  were ob ta ined  from f i v e  t r ia ls  bu t  wi th  only  
one of t h e  t r i a l s  a c t u a l l y  being a l lo~/?ed t o  r e a c t  completely.  
The average r e s i s t a n c e s  were lowest ,  o r  t h e  conduc- 
t a n c e s  h i g h e s t ,  when the  h ighes t  concent ra t ions  of r e a c t a n t s  
were involved.  This was expected because of t h e  dependency 
of conductance on the  number of ions  present .  The average 
r e s i s t a n c e s  changed more r ap id ly  at the  s t a r t  of t h e  r e a c t i o n  
t h a n  a t  t h e  mid-point f o r  example because of t h e  g r e a t e r  pro- 
d u c t i o n  of ions .  The average r e s i s t a n c e  range f o r  c e l l  A 
w a s  12,000 ohms f o r  ,001 moles of 2.4-dinitrochlorobenzene 
0 
a t  0.2 C t o  72.7 ohms f o r  ,0025 moles of 2-4-dinitrochloro- 
0 benzene a t  40 C. For c e l l  3, the  h ighes t  sverage r e s i s t a n c e  
b r a s  150,000 ohms f o r  .00 l  moles of 2,b-dinitrochlorobenzene 
0 
a t  0 . 2  t o  1,046 ohms f o r  .0025 moles of 2 ,4-dini t rochloro-  
benzene a t  40' C. 
The s t anda rd  dev ia t ion  of an ind iv idua l  reading 
55 
signifies that sixty-eight per cent of one hundred readings 
would have values that were between the limiting values of 
two standard deviations. In both cells A and B, the 
standard deviation was less at .0025 moles than either .0020 
moles or .0010 moles Of 2,4-dinitrochlorobenzene, with .0020 
moles being the largest. There is no explanation why .0020 
moles should deviate the most. 
The reaction temperature effected the precision of 
the readings. Forty degrees centigrade gave the least 
standard deviation and 0.2' C gave the greatest for cell 8. 
Cell A at 40' C had the smallest standard deviations for 
concentrations of .0020 and .0025 moles 2,&-dinitrochloro- 
benzene but at 25' C, .0010 moles deviated the least. The 
least concentrated, .0010 moles, deviated the greatest at 
0.2O C. These results were contrary to this experimenter's 
original idea that because the reaction proceeded more 
slowly at 0.2' C, the greater time available for obtaining 
a null-point would permit more precise measurements. The 
precision at 0.2' C was approximately one-tenth that at the 
other two temperatures. 
k e  first three values in each table were measure- 
ments of the times necessary for the reaction to obta,in 
predetermined resistances. Generally, the standgrd devis- 
tlons were approxlrnately one-hundredth of a minute or less. 
Xany devlations were less than one-hundredth of a minute 
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b u t  were recorded as such because of t he  i n a b i l i t y  t o  time 
t h e  r e a c t i o n  more accura te ly ,  
Upon modifying t h e  prese t - res i s tance  procedure, t h e  
s t a n d a r d  d e v i a t i o n  (now i n  ohms) was l a r g e s t  and progress-  
i v e l y  decreased  until approximately one-half of t he  r e s i s -  
t a n c e  measurements were determined. A t  which time, t h e  
s t a n d a r d  d e v i a t i o n s  continued t o  decrease bu t  decreased 
more gradua l ly .  The o r i g i n a l  l a r g e  devia t ions  were 
probably caused by t h e  inaccuracy of the  nu l l -po in ts ,  
because of t h e  r a p i d i t y  of t h e  r eac t ion  and the  extremely 
high r e s i s t a n c e s .  The s l i dewi re  d i a l  could have had an 
u n c e r t a i n t y  of two d i v i s i o n s  i n  e i t h e r  d i r e c t i o n  of t h e  t r u e  
s e t t i n g .  S ince  t h e  c e l l  r e s i s t a n c e s  were the  products of t h e  
s l i d e m i r e  r a t i o s  and t h e  corresponding decade box r e s i s t a n c e s ,  
two d i v i s i o n s  changed t h e  r e s i s t ances  considerably. For 
example, i f  t h e  decade box r e s i s t a n c e  w a s  120,000 ohms a t  
a s l l d e v ~ i r e  reading of 456 d iv i s ions  the  c e l l  r e s i s t a n c e  
was 117,900 ohms while a t  458 div is ions  the  c e l l  r e s i s t a n c e  
e q u a l l e d  118,100 ohms. A t  the  o r i g i n a l  high c e l l  r e s i s -  
t a n c e s ,  t h e  accu ra t e  nu l l -po in t  was d i f f i c u l t  t o  achieve 
because of t h e  l i m i t a t i o n s  of the  c e l l  designs.  For c e l l  
B, r e s i s t a n c e s  below 35,000 ohns gave moderately reprodu- 
c i b l e  r ead ings  and below 2,500 ohms gave very reproducible  
r e s i s t a n c e s .  For c e l l  A ,  r e s i s t ances  below 2-50 ohms gave 
the st=danf deoLatlsns rere lag. t g a ~  0.3 ger fen', e- 5 3 ~  
d e ~ P ~ & % w s  0% the IndivifiuaZ m ~ d $ n g a  &*k1= dr<-*2 %hg ?*- 
p r o ~ 1 x c L ~ 8 l ~ ~ $  of' the equipment, 
3 e  st~ad.srci devfntiorsz sf the zr;=~ Y B Z ~  ILQZ~ 
precise khsm the standard devistbort sf an Incl.S~5+z& zesez:w- 
%en& B,v the square r o o t  of f ive,  mese T~P~%Z =~s*d 
%be% %he nem of a series sf trials wozfia b w e  5 z~z$~+gfc+:if - 
o-a% of cme hundred chanoe of being in YPe TzTqe ~XC~Z+?%S y 
- 
U plus ;znd &inus one deviation of the zem, -3e T ~ L z -  Z ~ Z ~ Z -  
~ e n t s  ~ a d e  in  reference t o  the  standa~d & e ~ i z % l z ~ ~  55 kc- 
~ 2 d ~ ; ~ e . l  m asurements appl ied t o  the  e t z m d z 5  4~~9z%%m'1k =E:C? 
The conductances f o r  var ious times, t ,  were obtalned 
from the  rec ip roca l s  of the corresponding averaee re s i s t ances .  
The two cons tan t s ,  Co and Cm, were dependent upon the  o r i g f n a l  
concen t ra t ions  and the react ing temperatures. Tie o r l c i n a l  
conductances of the  reac t ing  so lu t ion  a t  t i n e  zero (C,) 
ranged from 7. 8x10-5 mhos to  10.6x10-~ nhos f o r  c e l l  A ?:it3 
t h e  l o v e s t  conductance being with the l e a s t  concentrate2 
s o l u t i o n  and a t  0.2' C. For c e l l  B the range of C, v:as 
6 2 . 5 ~ 1 0 -  ahos t o  7 . 7 x 1 ~ - 6  mhos w i t h  the concentrations and 
t e a p e r a t u r e s  being the  s m e  as i n  c e l l  -4. The f inax 
Conductances of the  reac t ion  products, CQ , rmged from 
f8 
.-. 
3.360619-' m h ~ s  to 14.10~~0-~ nhos f o r  cell A and 2.211.2a0-' 
ahos to IU.OUXIU-~ ;nhos for cell E. 30th extreme ranges 
*tween the lopzest ConcentratLons t s ~ ~ e r ~ t ~ ~ e s  
to the hf~hest concentrations and temperatures. me 
increase in conductance was approximately one-h~mdren 
f o l d .  
Since the conductances of the 2 ,b-dinitmchloro- 
benzene ~ U l ~ f i U n s  were too low to be measured and those 
of the piperidine solutions were readily measurable, the 
original conductances were considered to be dependent 
upon the piperidine and not the 2,4-dinitrochlorobenzene 
or the 95 per cent ethanol, 
The increases of the original and final conductances 
with concentration was to be expected because of the 
large increase In total Ion concentrations. 
The temperature effects upon the conductances of the 
same concentrations of substances, are shown in Table XXI. 
The ratios of the conductances at 40' C to 0.2' C are 
apvroximately tv:o and the final conductances the ratios 
are slightly greater than two. 
TABLE XXI 
RATIO OF CONDUCTANCES AT 40' C TO 0.2' C 
Concentration Cell A 
of plperidine Cell a 
in moles/liter '?-~o L 'c, 9'~ o C (2-n /c, 
This again was understandable because the hinderance to 
the movements of the ions is decreased with increasing 
temperature. 
The temperature effect upon the accuracy of the 
ratlo, Cm - ' 0 ,  would not be appreciable because all three 
CCD- Ct 
values Increased with temperature. Unfortunately, no 
means was available for determining the relationship of 
Ct at 0.2'~ and the corresponding Ct at 40' C. 
Figures 2 through 7 represent the plotting of the 
conductance ratio, c a -  co , versus time (t) in minutes for 
Ca3- Ct 
cells A and 8 containing various reactant concentrations 
at different temperatures. It was found that the best 
straight llnes occurred when the original concentrations 
of  2,4-dinltrochlorobenzene were ,0010 moles and least 
when the concentrations were ,0020 moles. It is interesting 
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to note that while the largest deviations from the average 
occurred at ,0010 moles and at 0.2' C, these 
values represented a straight line best. The two points 
at 40' C which were far from the dram line probably had 
their deviations increased by the mathematical character- 
istic of the ratio involved. 
The straight lines obtained verified the simple linear 
function of conductance and concentrations as well as the 
credibility of the following mathematical expression 
relating the conductances to the specific rate constants: 
The slopes and y-intercepts obtained from the nethod 
of least squares are given in Table XXII, As can be seen, 
the slopes increase with increasing concentrations as well 
as with increasing temperatures, This was expected because 
while Ct becomes increasingly larger, the difference 
( C  - Ct) became increasingly snaller. 
TABLE X X I I  
SLOPES AND Y- INTERCEPTS OF CONDUCTANCG CURVES 
) ioles of 2,4- Cell  A 
d i n i t r o c h l o r o -  
benzene i n  29.5 - Slope y- in te rcep t  
m l  of s o l u t i o n  0.2Oc 25'~ 40°c 0.2'~ 25Oc 40°c 
Concentra t ion 
In moles/39ml Cell B 
.The y - in t e rcep t s  were a l l  close t o  one which f u r t h e r  
v e r i f  i e s  t h e  preceding expression. 
The c a l c u l a t e d  spec i f i c  r a t e  constants a re  given i n  
Table XXIII. The s p e c i f i c  r a t e  constants are  t heo re t i ca l ly  
independent of t h e  concentration. The r a t e  constants i n  
Table X X I I I  do no t  vary with t h e  o r i ~ i n a l  concentration 
of 2,4-dinltrochlorobenzene b u t  they do vary v i t h  the  
TABLE X X I  I I 
SPECIFIC RATE CONSTANTS AND HALF-LIVES AT 
VARIOUS CON CENTRATIONS AND TEI*!PERATURES 
c o n c e n t r a t  i o n  Cell  A 
of  2 ,4-dlni-  
t roch loroben-  (1 i t e r  mole-' 
zene i n  moles/ minute-1) t* (minutes) 
v o l .  of c e l l  0 . 2 ' ~  2 5 " ~  40"c 0 . 2 ' ~  25OC 40°c 
Cell  B 
0 The average r a t e  constants  f o r  both c e l l s  a t  0.2 C ,  
25' C ,  and 40' C were 0.3185, 1 .744,  and 4.423 l i t e r s  
mole-' minute-' r e spec t ive ly .  The values obtained by 
1 
3unne t t  and Crockf ord by volumetric t i t r a t i o n s  o f  the  
c h l o r i d e  Ions  were 0.195 and 1.11 l i t e r s  mole-' minute-' 
f o r  0' C and 25.3' C r espec t ive ly .  The corresponding 
r a t e  c o n s t a n t s  determined spectrophotometrically were 
0.226 and 1.31 l i t e r s  moles-' minutes-'. The s p e c i f i c  r a t e  
c o n s t a n t s  determined c o n d ~ c t o m e t r i c ~ l l y  were l a r z e r  th* 
'3unnett and Crockford, 9. g., p.  553. 
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those obtained by Bunnett and Crockford. A small increase 
from the absolute value might have been due to the conduc- 
tance of the pl~eridinium ion but this would be quite small. 
 his experimenter used the average of six concentrations at 
each temperature while Bunnett used only one. It seems 
~lausible that a continuous monitoring of the reaction pro- 
gress without needing to remove an aliquot would be the most 
accurate. 
The half-lives of the reactions, as shown in Table 
XIII, are temperature and concentration dependent. ,The 
half- lives are inversely proportional to the concentrat ion 
of the reactants. The half-lives decrease as the temper- 
ature increases. 
The plotting of the logarithm of the specific rate 
constants versus the reciprocal of the absolute temperature 
gave a straight line as shown in figure 8. Since three 
plotted points fall on the straight line, the accuracy of 
the specific rate constants are further substantiated. 
The slope of the straight line in figure 8 equalled 
- 2.313~10~ and the activation energy P, was 10.66 Kcal. 
The activation energy obtained by using the integrated 
Arrhenius equation was 10.58 Kcal. This activation 
energy represents the energy the 2,k-dinitrochlorobenzene 
and piperidine molecules must acquire in order to undergo 
reactlon. The activation energy in other solvents ( 509, 
1/T'x109 degrees I:elvin 
Figure 8. Variation of logarithm k with the reciprocal 
absolute temperature. 
60$, 75% dioxane)  a r e  near ly  the  same as i n  95 ger  cent 
1 
e than01 . 
The change i n  entropy of the  system was - 21.84 
deg-l mole-'. This value gives an indicat ion of 
t h e  r e a c t i o n .  A r e a c t i o n  which has  a large decrease i n  
en t ropy  i n d i c a t e s  t h e  formation of an ac t iva ted  s t a t e .  
The conductrometric ana lys i s  of the  react ion of 2,4- 
d in i t roch lo robenzene  with piper idine i n  95 per cent ethanol 
w a s  f e a s i b l e .  The apparatus could have been improved by 
t h e  use  of a more constant  water bath. The temperature 
v a r i a b l e  w a s  p l u s  o r  minus .lo C i n  some instances which 
was t oo  large. 
Also,  another  nethod of introducing the piperidine 
i n t o  t h e  c e l l  would be advantageous. A modification of 
t h e  Folln-ilu tube might prove useful  because the  reac tan ts  
could be mixed ins tan taneous ly  without e i t h e r  leaving the 
water  ba th .  
' 5 .  F. 3unnet t  and 9. J. Xorath, "The Rates of 
Condensat i on  of p iper id ine  w i t h  1-chloro- 2,k-dinitro- 
benzene in var ious  Solvents",  Journal of the Aqerican 
Chemical 3oc le tx ,  LkliII ( 1 9 5 5 ) x  
CHAPTER V 
A conductometrlc method f o r  determining the reac t ion  
k i n e t i c s  of 2,4-dinitrochlorobenzene with piper ldlne i n  95 
p e r  c e n t  e t h a n o l  was s a t i s f a c t o r y ,  The absolute e r r o r  was 
l a r g e  at  t h e  beginning of the  reac t ion ,  because of the mag- 
n i t u d e  of t h e  r e s i s t a n c e s  measured. The corresponding 
r e l a t i v e  e r r o r s  were genera l ly  l e s s  than 0.4 per cent f o r  
an i n d i v i d u a l  measurement and 0.2 per  cent f o r  the  deviat ion 
of t h e  mean. The abso lu te  e r r o r  decreased w i t h  the  progress 
of t h e  r e a c t i o n  but  t h e  r e l a t i v e  e r r o r  remained constant. 
When t h e  conductance r a t i o s  f o r  the  three concen- 
t r a t i o n s  a t  one temperature were p lo t ted  against  the  time 
of r e a c t i o n ,  t h r e e  s t r a i g h t  l i n e s  ?rere formed v:hich radiated 
f r o n  a n e a r l y  cons t an t  y- intercept .  ,The f a c t  t ha t  s t r a i g h t  
l i n e s  were formed v e r i f i e d  the  equations r e l a t i n g  the  con- 
duc tances  wi th  t h e  s p e c i f i c  r a t e  constants,  The c lose  
proximi ty  of p o i n t s  t o  the  l i n e s  gave another indicat ion of 
t h e  e.ccuracy of t h e  method. 
'The average s p e c i f i c  r e t e  constant f o r  t h e  two c e l l s  
-1 
were 0.3168, 1 ,744  and 4.423 l i t e r s  mole-' ninute a t  O . ~ O C ,  
2 5 ' ~ ,  2nd 4 0 ' ~  respec t ive ly .  These values were higher than 
uunne t t  znd ~ r o c k f o r d ' s '  h-hich were 0.195 and 1.11 l i t e r s  
-1 
mole minute-' f o r  OOC and 2 5 . 3 ' ~  respect ively ,  
The change of t he  s p e c i f i c  r a t e  constants w i t h  
t empera ture  w a s  s h o ~ n ~  i n Figure 8 t o  be l i nea r .  The ac t i -  
va t ion  energy w a s  cz l cu la t ed  from the  slope of t h i s  s t r a igh t  - 
l i n e  was 10.66 K. c a l o r i e s .  me ac t iva t ion  energy cal- 
~ u l a t e d  from t h e  in t eg ra t ed  Arrhenius equation was 10.58 K. 
c a l o r i e s .  The change i n  entropy f o r  this react ion vras 
-21.84 c s l o r i e s  degree-' mole-'. 
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